Maternal diabetes induces fetal alterations, resulting in lasting consequences for the glucose tolerance of the offspring over several generations. In our experimental rat model, circulating prolactin, oestradiol, progesterone and corticosterone levels, known to influence insulin secretion and action, are determined in plasma of female adult offspring of mildly and severely diabetic mothers. Prolactin and progesterone levels are equally low in both groups as compared to controls, stressing the involvement of the CNS in the transgeneration effect; oestradiol and corticosterone levels are normal. No correlation is found between these hormonal alterations and the known differences in glucose tolerance.
INTRODUCTION
Diabetes of the mother during pregnancy induces alterations in the developing fetus, resulting in lasting consequences for the glucose tolerance in the offspring, even over several generations (Aerts et al., 1990) . Stimulated insulin response thereby is impaired throughout life and also insulin uptake (Aerts et al., 1988) and action (Holemans et al., 1991a) can be disturbed in these adult offspring. In the youngsters of mildly diabetic mothers islet-and B-cell mass are normal, but stimulated insulin response is deficient; in the youngsters of severely diabetic mothers islet-and B-cell mass are hyperplastic, insulin response is excessive and animals are insulin resistant (Aerts et al., 1988; Holemans et al., 1991a; Aerts et al., 1997) .
In fact, with regard to insulin, the adult youngsters of severely diabetic mothers in many aspects display features of pregnant rats. Also, during normal pregnancy, there is a doubling of the amount of endocrine pancreas and of B-cells (Aerts et al., 1997) , an increased recruitment of the number of B-cells (Aerts and Van Assche, 1998) and clear hyperactivity of the B-cells already in basal conditions (Aerts and Van Assche, 1975) . Basal insulin levels are increased, the threshold for stimulated insulin secretion is decreased and the amount of secreted insulin above threshold is increased (Parsons et al., 1992) . Assche, 1998; Holemans et al., 1991b) . Therefore, also in these non-pregnant animals, those factors should be evaluated that are considered responsible for the pregnancy-related adaptations in the endocrine pancreas and the insulin-sensitive tissues.
Placental lactogen is considered to be an inducing factor for the islet adaptations during pregnancy (Parsons et al., 1992) . In non-pregnant animals its effect can be mimicked by hypophyseal prolactin (Brelje and Sorenson, 1991) . The high estrogen levels of pregnancy, especially in combination with high progesterone concentrations, and in the presence of adequate corticosterone levels, contribute to an enhanced activity of the pancreatic B-cells (Faure et al., 1983; Sutter-Dub et al., 1978; Aerts et al., 1980) . Increased progesterone levels are involved in the development of gestational insulin resistance (Leturque et al., 1989 Insulin concentrations are significantly higher than normal in both experimental groups, confirming previous results on animals under the influence of anesthesia (Aerts et al., 1990) , (Tab. I).
DISCUSSION
The adaptation of the endocrine pancreas during normal pregnancy is considered to be induced by placental lactogen (Brelje et al., 1993) . The increase of its levels during pregnancy indeed parallels the extension of the endocrine pancreas and the enhanced activity of its B-cells (Parsons et al., 1992) . Moreover, when islets from neonatal or adult rats are cultured in the presence of prolactin, islet volume, mitogenic activity and insulin secretion are drastically increased, while addition of growth hormone has little or no effect (Brelje and Sorenson, 1991) . Dwarf mice lacking hypophyseal prolactin have a very reduced islet mass, while transgenic mice expressing human growth hormone (which has a lactogenic activity in mice) have an increased B-cell mass (Parsons et al., 1995) . The results of these experiments point to the lactogenic rather than the somatotropic hormones as inducers of the B-cell hyperplasia and hyperactivity during pregnancy. (Faure et al., 1983; Sutter-Dub et al., 1978) . Oestradiol directly increases insulin synthesis and secretion by the B-cells, the effect being more pronounced in combination with progesterone (Sutter-Dub et al., 1978; Aerts et al., 1980) . Administration of progesterone for several days increases the replication rate in the islets of Langerhans of pregnant and non-pregnant rats (Nieuwenhuizen et al., 1998) , and induces insulin resistance (Leturque et al., 1989 The significance of the low prolactin and progesterone levels is far from clear yet. Nevertheless, it is interesting to note that the presence of these hormones is also altered in the adult offspring of diabetic mothers, and to the same extent in both experimental groups, despite the marked differences between MD and SD youngsters for numerous other parameters (Aerts et al., 1990) . The origin and the consequences of the low prolactin levels in these animals, especially, need further attention. The deleterious effect of fetal hyperglycemia and hyperinsulinemia on the development of the fetal hypothalamus, resulting in later glucose intolerance (Plagemann et al., 1992) , includes alterations of the hypothalamic catecholamines. Indeed, dopamine and norepinephrine are increased in specific nuclei of the hypothalamus of neonatal and weaning pups of gestationally diabetic rats (Plagemann et al., 1998) . The high levels of dopamine, which is a prolactin-inhibiting factor, might be responsible for the persisting low prolactin levels in these animals, affecting thereby the secretion of progesterone from the corpus luteum.
It can be concluded that, while oestradiol and corticosterone levels are normal, circulating prolactin and progesterone levels are decreased in a similar degree in adult non-pregnant offspring of mildly and severely diabetic mothers. These alterations are not related to the adaptations in the endocrine pancreas of these animals. They might originate from effects of fetal hyperglycemia and hyperinsulinemia on the developing hypophyseal-hypothalamic system. The data add support to the concept of a neuroendocrine involvement in the transmission of a disturbed glucose tolerance to the offspring of diabetic mothers.
